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Subject : lIyckaulic r.odo1 studics of the out le t  mrks--1.Iorsetooth Dan- 
Colorado-Big 'i'hanpson Project, Colorado. 

Thc hyc3ra~1I.i.c nodo1 studioic- discussed in this report were ma& t o  
$.eternine the operating c h a r a c t c ~ i s t i c s  Ylcl adequacy of tho s t i l l i ng -  
basin design I'or i!orsetocth D a  outlet  ~mrks ,  The re su l t s  and r e c m e n -  
b t i o n s  containcd herein are bsscc! on s t ~ d i e s  conducted on a 1: & scale 
nodel of the valxrcs, stilling-bpsin, and a portion of the dormstroam 
canal. This report covers investigations a d  t e s t s  nadc on trio separate 
and d is t inc t  glans f o r  the out let  i~orks  s t i l l i m n s i n ,  designated as 
%11er?.e A and Scheme B. For each scheme several different  dosigns were 
tes ted  mcl these are designated as Basin 2 or  3, etc. 

The p r e l b i n q ~  design f o r  Scheme A, shorn on Fi- 3, i s  the f i r s t  
proposal rcceived f ran  tho S p F U q r  and Outlet Yiorlcs Section Ilo, 2. F m ,  
t e s t s  on this design and on Basins 2-5, shorm on Figurn 7, t 2 l o  rocomended 
dc s i p  was evolved. Altllough the recamended design f o r  Scheme A r * L U  
operate satisfactori1;- fo r  all conditions of f l ow ,  ii is  a m l a t i v e P ~  
cost ly structure,  It was apparent tha t  a sat isfactory design, u s h g  z 
different a2proach t o  tho problen, could be developed a c h  m u l d  be l e s s  
costly. 

Schene By Figure 15, was developed frm th is  idea, using nodol t e s t s  
t o  ac.licvc the recormended design. The resul t ing s trdctum v n s  found t o  
perfom sa t i s fac to r i ly  over the ent i re  range of o-mration and rias l e s s  
costP~ t o  construct. Consequently, Schene B has been accepted fo: 
construction ir .  the f i e ld .  

To avoid confcsion in presenting the two studies, this report is 
dividcci in to  two ?arts. Part I covers the studies, results,  and recornen- 
dations f o r  the &sign oof Scheme A, and Part I1 contains the same infor 
laation fo r  Sche~ne 3 ,  

Sc-kxc A.  The stilling-basin of Hoorssctootil out let  -fmrl:s i s  d c s i m d  -- 
f o r  a na3Lm c q a c i t y  of 1,500 second-feet, rqrhic!l nay be loleased t h r o u d ~  
citl ler onc o r  both oof the 72-ilch hollorr-jcl vLXl.vcs. Tho p r e l i n i w  
design of  Schexe A, F i s r e  7, gave satis2acto.y pe r foma~ce  fo r  tho condi- 
t ion  17ith both valves dischar;in~ 1,500 second-feet. I i o ~ ~ v e r ,  when only 
OM valve rras opcratecl a t  the n z i m  clischar~c, xajor changes i n  tile om- 
l L x 5 n a ~ ~  design yere required t o  obtain s;rtisfactory ctiuing-pool 
opera-tion, 







Ilorsetooth jFleservoir, with a capacity of ~ ~ G , G C ) O  acre-feet, is a 
part  of the Colorado-Uig Thonpson Project and the major storage reservoir 
on the eastern slope f a r  s to r i rq  i r r iga t ion  r~a.ter diverted from the 
vrcstcrn s l o p  throug11 'chc O v a  Be A h s  Tunr~el, Horsetooth Dam 'I'U be 
one of four ear+h-fil l  dams hpoundinf, i r r iga t ion  m t e r  in Horsctooth 
ikservoir appro&aatel3- 10 miles vrcst of Fort Collj-ns, Colorado, Figures 
1 2nd 2, The Horsetooth D a n  u & l l  bo appro:;inately 1,500 f e e t  long, ~ A t l l  
a cres t  clevation of SkLO f e e t  and r i s ing  a 0  f e e t  abot-o the o r i g i m l  

I crowd surfecc. 'i'hc m z i m ~  water u ~ f a c e  of the reservoir xi11 be a t  

I 
elevation 51~30. 

I 511~ principal hydraulic featur-; of Ilorsctootll D m  i s  tho out le t  vrorks 
I vikich consists of thc out le t  conduits, the s-ti1Li.q-basin, and kio 72-inch 

I 
hollo~r-jet vLflvcs f o r  rclensirq i r r iga t ion  water through a szlpply canal t o  
tile Cache La Toudre Mver and thence t o  existing i r r iga t ion  sys-tens. 

Xater f r a  the reservoir ' t ' i i l l  flow through an 8-1/2-foot &meter  
c i r cu la -  conriuit, 354 f e e t  i n  leWfrJ t o  the gate chamber 17hich encloses 
tvro 5 by 5' f e e t  high pressure emergency gates. From the gate chamber the 
m t e r  vdll pass thraugh toco 72-inch s t e e l  conduits, b.80 f e e t  i n  length, 
t o  tm hollow-jet valves and thence t o  tile stilling-basin, T ~ G  hydraulic 
nodel t e s t s  discussed i n  this report were confined to studies  ~f the entry 
of the j e t  f ron  the valves in to  .the stilling-basin, the sti l l ing-basin 
performance, and flaw i n to  the canal, 

THE 1: 24 S C U  EIODEL 

A mob1 of the out le t  viorks, consisting of a headbox, tm 3-inch 
hollov- j e t  vaJ.ves reire ssnting the 72-inch p r o t o m  v,d.vves, the s t i l l i ng -  
basin, and a section of the canal, was constructed. on a geometric sc&e of 
1: 2irJ as shmm in Fiture 4, 'I'later   as supplied to  the 21ezclbcx fron one of 
the laboratory yx~.nps thraug:l~ a m n t u r i  or i f ice  meter f o r  accurate measure- 
zezt or" thc r-;zitcr, The valves mere attachled t o  tyro short sections of 

1 3-inch brass pipe l e  adin,r fro= -the open-top llcadbox. Tllc a t i l l i n p b a s i n  
y~.s constnlcted of mod and lined mith ~~alvanixed sheet n e t d ,  r.;lzjzjlc the 
tzver t  c~.rvc, t ransi t ion leading from the pool t o  the canal, and the canal 
w r c  made of n m t  concrete formed t c  sheet rnetaJ. .templates, .i tcai lga-te . was 5.-lstnlled at the encl of the canal t o  control the t a i l ~ n t c r  c l e v ~ t i o n ;  
T,zXL-:r;itcr elevations f o r  va r ims  discharges, furnis l~ed by the Design Section 
,:ncl xser! i n  ' t l ~  ;zodcl, arc sllovm in Fi3l.e 3 2. %o~v through t h e  valves .rms 
cor;l;rollcd 's,~ the anaJ-l hanCl.;rl~ecl incorporated in the valve. 



IIorsctooth lkservoip, vritli a capacity of U~6,000 acre-feet, i s  a 
part  of the  Colorado-Ilig 'i'honpson Project and the najor storage r e s a ~ v o i r  
on thc errstern slope fo r  s tor inc i r r iga t ion  m t e r  diverted from the 
~,'cs.tcrn slope through thc  Nva C. Adans Tunnel.. Ilorsetootl~ Dan1 r.ci3.l be 
one of four ear th- f i l l  dans inpoundin;: i r r iga t ion  m t e r  in Eorsctooth 
Wcscrvoir ~:ppro:.&;zatePj 10 a e s  ~vcst of Fort Collins, Colorado, Figures 
1 and 2. The iforsetootll D a n  611 be appro:\imately 1,500 feo t  long, with 
a cres t  elevation of 541~0 f e e t  and r i s ing  a 0  Zeet Fil)~-fc the o r i ~ i n a L  
ground z ~ r f  acc . 'i'hc nx;inu'n w t c r  surf ace of t h e  reselvoir .;ill bc a t  
elevation 5113 0. 

211c p r i n c i ~ d  hydraulic f eaturc of iiorsctootll Dan i s  I;ho out le t  ~ w r k s  
7:dlich co~ l s i s t s  of tlle oc t le t  conchits, the stillin=-basin, and k i o  72-inch 
hollol:r-jet valves f o r  r c l c a s i x  i r r ina t ion  m t e r  through a supply canal t o  
the Cacllc La PouZre iliver and t l ~ e n c e ~ ~ ~ o  existing i r r iga t ion  system. 

..* ,dater T r a  the reservoir ~riLl  f l o w  througll an 8-1/2-foot dianctcr 
circular  concluit, 354 fee t  i n  lemll, t o  the gate chamber ~dxiclz encloses 
tvro 5 by 5 f e e t  high pressure emergency gates. Fron thc gate chmber the 
r,zter  sill pass through two 72-inch s t e e l  conduits, 480 f e e t  i n  length, 
t o  tile tlollow-jet valves a d  thence t o  the  stilling-basin. The hydraulic 
ncdel t e s t s  cliscussed i n  this report xmre confined t o  studios of the entq- 
of: the  get f ron the t-dlves into the stilling-basin, the  stilling-basin 
prf orman~e, and f1ar.r in to  the canal. 

THE 1:24 SCALE IJom 

A aodel of the out le t  works, consist- of a headbox, two 3 i n c h  
h o l l ~ r -  je t  valves representing the 72-inch p r o t o m  7rEFLve s , the s t i l l i ng -  
bcrsin, and a section of the c&, was constructed on a geoixetric scale  of 
1: 21:, as sliovm i n  F i w e  4. I'iater was supnlied t o  the l~eadkox from one of 
the l a b o r a t 0 7  ~ L L Q ~ S  tbxouyJ~ a vcnturi or i f ice  rieter fo r  accurate noamre- 
zcnt 0,' t1ie ~ratcor, f'he valves were attachec! to  t ~ * m  cllort sections of 
3-inch brass p i p  leadin: from t h e  open-top l~cacbox. Thc still-ing-basin 
~ : n s  constructed of  mod and l ined  vrith ~~a lvan izcd  sheet netril, urixilc the 
invert  CU,"VC, t rans i t ion  leading from the pool t o  the canal, and the c a r d  
vmre nack of neat conerote forned t c  sheet n e t d  tenplatos. :I t a i lga te  
~ m s  imt,allec! at the end of the  canal.. t o  control the tailvrctcr elevation; 
Tai2:ntcr elevations f o r  various d ischarps ,  furnisl~ed by the !&sign Section 
cmc! xoed i n  "ce nodel, arc shovm -in I"i,clrre 32. Flo~r through t h e  v d v e s  ms 
c c ~ t r o l l e d  by the anall 1zand1;hecl incorporated i n  the valve. 



X11c out le t  vrorlrs i s  so d e s i ~ n e d  tha t  the maximum canal canacitv nf 

I in-~cst icat ion covcrc ci a l l  nossiblc conclitions , ,:he .eLests included r l i sckr~es  

before an;- t e s t s  w r e  aade the slope of the ccanal malls was chznged t o  
1-l/li:l. .U1 i s o t s  sere  ccnducted using a canal  with side slopes of 
1-1/4:1, and all ' references made t o  Lhe prclininary clecign in this report 
include 2 c m d .  ~xit l i  1-t,/4:1 side slops. Figures 3 and Sa shm the pre- 
1ixLnaqr design of the out le t  ~~orks. 

-v---- 0 

frm 500 t o  1 , s ~  cuiik f e e t  pe&-secondthrough one and trro valves a- - 
lleaci correspondir,~ t o  a wh'il reservoir  elevation of 5430 f e e t  prototype. 

sccond, Fi~;g:re Sc, the f lor r  ;.ritl<n the  s t ~ ~ i n ~ - ~ o o l .  appeared sat isfactory 
srith tiic 11ydrauI.i~ junp for;ning 7-je31 up on t l ~  invert curve and sinooth, 
ar6fom Zlc~r occurred t!lroul;i?o~~t the basin. I i o ~ ~ v o r ,  when 1,500 cubic 
f c c t  ncr second ~ n s  discharrted tlyroufh one valve, t he  hrd_raulic iunn rrns 

I t l ~ c  canal. Test runs r i t h  one yralve o ~ r a t i w  were nade as f o l l o ; ~  : I 

increzscd discharge t o  1,500 cubic feet  per seconci. 
" 

in each case the j u ~ p  rms wrept out. Under condition a, the jump 
5e;;an to novc clmmstrear~ 2% a taLls~ater  elevaJ,ion of 5233, 1 foot  above 
ti:e nom;.3 elov,?tion, Under condition b, the juxp held nonontarilv and 
then , ~ z & a l l ; r  rloveci do~mstrez:~ ~ :n%i l  it vr2s enkirely wept  out. These 
GO*.. l -  u,Ubs ~ncEcn'ied . the  stilling-basin Imd insuff icient  depth and was probably 
too s h o r t ;  but, before conchding thz t  the  basin should be made deepcr 
.?,nci l o n ~ c r ,  n cost ly ?rocedul-c, othcr remedies szre  tested. 

C?isclmgcs m d  txLlvnter elevations, it Yras clue t o  the obs"r.mction of the 



an hjdr(1.~1lic jwp0 111.i:; arra~gemcnt appeared f a i r l y  good Sor 
L n'minutn disclmrge of 1,sO0 c~tbic f e e t  pol- second tl~ro~igl;, tvro vcl.I.ves, 
b~lt, when the nx.=i?mun discharge vras put througl? one valve, the Ctisturbanr,~ 
a t  the step caused large boi l s  and stan&= umves i n  the transitiori  aid 
i7a-v~~ of mLLlcr magnitude (about 2 f ec t  i n  l~e ight  ) do~mstiean in the 
2nnLL .  

i3asi.n No. 3.. Fron the outset of tlz c q e r i ~ c n t s ,  the jet fron the 
t.alvc did not s t r ike  the invcrt  c u r ~ c  leading to  the stilling-basin. 
This lac:: of contact resultec? 'in a concentra'tion o f  f l o ~ ~  in a snZL.1 
area, circular  i n  cross--section, It was f e l t  t h a t  a l eve l  section of 
c h a m 1  of mi tab le  len ' th  placed between "chc valve and the  origin of 
Ync invert  CUI-.TC ' L Y O U ~ C ~  cacsc the j e t  t o  stri l ie 'the l eve l  section, f l a t t e n  
o~JC, and eve1'L-L~- distrLbute the flow across the width oi" the t r a j ec . to~y  
scciion before" reaching the still--basin, Conputations by the ~ e s i i n  
Section shamecl tho level  section s h o ~ ~ l d  be 196 f e e t  i n  leryyth, Tl'lis - 
design vras tes ted  and i s  i l lu s t r a t ed  i n  F i ~ r e  7, as Basin 110, 3 .  

I'li-l!: Ynis design the hydraulic junp moved fartller upstream on 'the 
in-re1-k. c~l'?r+? but the je t  was unevenl;~ distributed and the florr concen- 
trxtccl near ?;11c .training-'~Talls, 3115.~ condition existed. r ega raess  of 
rlrhicil v,ZLve 'ri;?~ operated. It I~TS :*st thought this plrcnmenon m s  due 
t o  nisalj-nexent of the valves, but horizontally shif t i r q  the j e t  Lcnmrd 
o r  ~ i i a ; ~  2 r m  the  center p ier  d id  not correc't the diff iculbj .  

13asin h. I n  Easin l!o, 4 it m s  b l i e ~ r e d  t h a t  the perf omancc) of 
the structure could be knl:roved by t i l t i n g  the valves d o ~ , a d  t o  o b t d n  
greater spreading of the je t s  before they mtered  the jump and by lengthen- 
ing the stilling-basin t o  provide a greator volune i n  tvhich energy 
ciissLpation could take place, Basin No. 3 was altered by adding 72 f e e t  
t o  the lc@h 02 the basin and depressing the vaLms i n  successive %rids 
t o  2-!-/2O, so, a:d 7-1/2' below the horizontal. I n  all cases the angle of 
deprersion was varied by placing a shim o r  dutcha  a t  tho base of -the 
v,al-~c rat1zer than 3y bending the approach pipe, From observations of the 
f l o ~ i ,  it was found that a so depression gave the best st>=%-action i n  
the basf.3, F ibwe  0, Altliaugh depressing the ~ r a l v c s  7-1/2O gave the 
greatest  spread, part  of the j e t  m s  k f l e c t e d  from the inver'; curve which 
c i ~ ~ ~ s c c !  l c s s  effective stilling-action. 

.ULcr the best  angle ol" depressing the v d v e s  had been determined, 
studies 02 the sti711iq-basiin tcrcre continued, i'litli the  longer s t i l l i ng -  
brrsin, Easir, No, k ,  Fi'pre 7, t l ~  n a/jmwn - fLovr of 1,f;GG cubic f e e t  per 
second thmcgn two valves appeared sa'cisfactory within the stiPlixq-bash 
mcl the lengbli of the basin mas ample, 'Cfien the na;cirmun discharge vas put 
through one valve, the junp fomed &out 15 f e e t  d a m s t r e m  from the lmr 
end of the inver t  curve, indicating the dcp"ckr 02 the stilling-pool I*= 
13-&f icient ,  BJ resir4 the tcai.>.mf;er an e,@vdlent of 2 f e e t  p r o t o e ~ e  
&om nomal, the jmp was sc?tTisf a c t o r j  and f omed -:all up on the invert  



f ec t  t o  elevation -5270 and the Q,2fj slope a t  the end of the inver t  curve 
Yras exrtencled dotmtrecl-n u n t i l  it intersected the let-cl f l o o r  of the  basin, 
Elasin >Joe 5, Fi rp re  '7" ?our foet mas considered more than an mple  'mount 
t o  l o m r  thc basin, but since rais ing the f l o o r  of the basin t o  a suitable 
clcvation YES a simple operation h comparison t o  another lamering o p r a -  
4. Aon, a f loor  ~*.ns constructed i:dficll 7%-as lcntrer than necessary* Tests run 
~ r i t h  th i s  desiv. mre sat isfactory f o r  a3L conditions of f lo i ' r ,  including 
t'ne action with one valve opra t ing ,  and tllere remained t o  be d e t e d n e d  
th2 fiF;1-lcst clevat-i..sn of the stilling-basin f l o o r  a t  tdxicl~ thc s t i l l i ng -  
2061 s i c ~ ~ l d  Zunction sa t i s fac tor i ly  f o r  di f'lo~m. 

i-kcoxnended basin. The groper elevation of the s t i l l hg -bas in  xloor 
I '.-, vru.d ,- detc-ed by lo tc r in ; :  the tailvrater and observing the 11fl~aulic jump 
i ir, the stillin@-pool, R s i n  'No, 5 ,  It mas found that the taiirrater could 
I bc lomred as m c h  as 2 f e e t  bc lm nomal and still maintain good stilling- 

action, Comcquently, it isms decided t h a t  the s ti1ljn.g-basin f l o o r  could 
bc rxi.seci 2 f e e t  t o  elevation 5272. 

:'rllen tvro val'i.~s m?re opra t -  a t  a m - m  dischargc of 1,500 cubic 
Tect per second, the length of the s t i l7 iq -bas in  appeared too long with 
t ! ~  hydraulic jump nalciq IX~C of a~ro- te ly  the upstreaa tm-tlhirds of 
t h e  basin, Figure lla, iIorrcvcr, vrith 1,500 cubic f e e t  per second 
disclmr@% %kxot;gh one valve, tnc cntiLre l e~rq th  of the k s i n  vms required 
t o  ZuU.t,- dissipate the ene;.a of the jet, Figure l l b ,  It decided t o  
use -i;his length i n  the n c m e n d e d  design, Figure 9 ,  Figures l i c  a d  d9 
rule 12a and b shm the stillins-basin operation a t  discharges of 1,000 and 
500 second-feet, 

':i37res i n  the Canal 

& i n ~  the t e s t s  on Scheme A it was apparent tha t  excessively lcgh 
 raves were h i n g  generateed in the stilling-basin and toere t ravel ing domn- 
strem- in to  the t r a i s i t i o n  and the domrsLrea9 canal  section. Due t o  the  
conparatively smooth concrete l ining and the 1-1A:l sloping s ides  of the 
tra?czoidzl canal, the  raves zppeared t o  na;r;niry afker %hey entered the 
trapezoidal &ion urrti l  vfaves fm 2.5 t o  6 f e c t  i n  heisrht were measured 
at tire edges of the  water surface i n  the  c m d ,  Figures b c  and d. 

n 
LO Tind n of danpening a d  contrcll ing these \ w e  heights in 

5 r i .  c a ~ i i ,  scveral t e s t s  ~ m r e  condccted usin: rmod f loa ts ,  baffle piers ,  
=a! ~;uf l zcc  b d f l e s  . 11. ~roodcn f l o a t  w laced i n  the stillinr-3asin and 
attachcd t o  the end of tlic center t'ns effect ive i n  re&cinZ the 17ave 
l i ~ l ~ l l t s  i n  :he can&, kt due tf;' roe naintenancc recp~irenents and diff i-  
cl.~lQ,- in ndc5.n; it cff ecti;-c fo r  a l l  f lmrs and tai l tmter  elevations, the 
f'loat acthod of dzn-xn5.rq; the vmvcs sms abancioned, 

Cozprei~ensl-a 'cests ;:.ere a l s o  conducted using various cmb-inations of 
'ocflc pier:: -t Station ~ + 3 6 * 7 5 ,  a. surface baffle betvieen tile center  pier  
<mii each .';I. I. n:--;,-&f aL Station l4+74.75, and the ef fec t  of placing a 





Chute Studies-Upper End 

In the preli.;linarS. design, Scheme 3, Figure 15, the -ralves dischrged 
onto a plane surf ace inclined u p a r d  lo0 f ran the horizontal. The incline 
m s  connected by a parabolic curve t o  the  levc!.. p r t i . o n  of t h e  chute. In 
the i n i t i a l  t e s t s  it was found this slope zvas too steep and caused the 
j e t s  fron %he valves t o  deflect and 'Leave the surface of the  incl ine fom- 

a high f i n  of 'water in t h e  centers 03 the jets and inducing consider- 
a516 sprzj, sons of ~rhich splashed ovcr the training-rrdlLs, Figure 33a. 

To detemine thc proper slope of the incl ine an adjustable f loo r  rrzs 
s c t  i n  the model i n  place of t he  10' slope. E f y  al te r ing  the inc l ine  of 
thiz floor,  slopes f o r  the f l o o r  could bc d e t e h e d  m c h  zavc conpara- 
t i t-ely mooth flo-:I. E'rm v isua l  observation, using slopes varyirq~ fron 
lo t o  lo0 md connect iq curves of difi"erent radi i ,  it 7:m.s found t h a t  
slopes of 10 hot and lo0, joined S;. curves of 80-foot radius, gave the 
best  reo-ulta, F i p r e  1'1 . t h o u &  thc apparance of the f l o v  using this 
arrangment was satisfactory f o r  all dLscharges, there was s t i l l  the  
poss ib i l i ty  tha t  pressures beneath the j e t  might be unsunsatisf actorj .  
?iei;aeters were i n s t a u e d  in  the model and prcsmre xeaamments naric. 
'i'hesc studies are discussed on P a p  If;, 

l'he oratlet ~ iorks  st;illinl;-basin, Scheme A, discussed i n  Part I 
proved t o  be undesirahlc from an economic standpoint, With the inten- 
t i o n  01 clevclopirq a l e s s  cost ly plan, Scheme By sham i n  Figurn 15, 
~ ; r s  tes ted ,  Schene E cliffcrs f ron  Schene 1! i n  tha t  the center dividing 
i'id-1 i s  eliminated a l o n ~ ,  f l a t  chute i s  placed between the valves 
axl the stillinc-basin. Since the canal bclcn-r the sti l l ing-basin n i l l  
be concrete lined, the long chute r e m r e s  l i t t l e  more concrete per 
l i n e a r  foot  than the c a d  i tso=,  and the econonyin concrete f o r  Scheme B 
i s  fmcl i n  the amallor required stilling-Sasin and. elimination of 'the 
axpensive center div id ing w a l l  of Schene A. 

TIE 1 : 24 SC.U ?JODI% 

The 1:a scale model used t o  t e s t  Scheme A was modified Prhere 
necessary a d  used in stu- Schene 30 Thc f l a t  chute was placed below 
the valves and the s ti--basin novcd f a r t he r  dawnstrean. Laboratory 
space l i n i t a t i o n s  necessitated a shorter canal section i n  ~ h i c h  t o  study 
~mves ,  but 0thcr;rise the model mas essent ia l ly  .the s m e  as tha t  used i n  
thc developent of Schexe -4. 



s e t  t o  cliscllargc IlorizontaLly and para l le l  t o  the  centerline of the 
c!illte. 'Iliis arrangement problced satisfactory flow dist ribu-tion through- 
ox% 'the chutc when two vdvcs  ~ r c m  opratLng. Ho~rover, vnth one valve 
di.scl?nrginl~, thcrc ~ r a s  a tendency for  thc f lm t o  concentrate on one aide 
01 tlic do~mstrenm end of the chute a t  all discl~arges r*rkich caused an 
u~~qynnct r ico l  jump in  the s ti l l irq-basin,  F i~ ;u ,~e  34a. To improm this 
condition and t o  obtain nore symnetrical flow a t  the upper end of the 
stillini;-bnsin, the ~< iL .~cs  mre turnsd horizoiltally toward o r  away from 
tlic centerline or" tho chlte. '.he valves vere tested f o r  a range of angles 
I'ro;;l a divergence of 2-1/2O t o  a convergence of 5'. F r a  v i s u a l  obscrva- 
t ions  it rms dctemined that a convergence of 2-1/2' t o  3-1/2O gave the 
best  ctistribution of flow i n  the chute vnth no appreciable difference i n  
operation bct~~reen thc trio angles. 

'i??c -ralalres v c r e  also elevated fron o0 t o  so, IIo~ve-rer, as  the angle 
01 elevation. rrzs increased, t h ~  e:&ent of deTlection of the je t  and splash 
?Jso incrcrrsed. A s  a r e s u l t  of these t e s t s ,  it i s  recornended tha t  each 
-:alt-e c o n - a r ~ e  2-1/2O on t,hc centerline of the chute and ramin  I~orizontal  
i n  thc ver t ica l  pl&, 

C!~ute Stxdie s- LOPE^ End 

illtllough thc changes described above helped t o  spread the f larv over 
t ' , ~  yiri&tLl of the chute, several  suggested nethods were tested f o r  fur ther  
LrL>rovin~ thc ,"low distr ibut ion a t  the end of the chute. -bong -these were: 
(2) il mall c res t  or  r i s e  i n  .the chute f loor  bcforc dropping irrto the  
stilling-basin; (b) a streanlined p ier  in -[;he center  of the cliute t o  force 
r,zore f 1m.i near -the edges of the chute; (c )  a mbmergod pier, tr iangular 5x1 
cz-oss-section and 36 feet, l o x ,  Figure 35d, located -in the  center of the 
c b t e  30 f ec t  upstrean fron .the stilling-basin; and (d) a crolm on the 
cnute f loor  placed throu~hout  tke length of the horizontal chute. 

Ikthods (a) an& (b) provided no solation f o r  any operating condition. 
Tle s m d 1  c res t  caused a junp t o  f o m  i n  the chute a t  the lmrer discharges. 
',',kile a sat isfactory positicn f o r  the s t r e i ~ a l i m d  pier  ~?zrs found f o r  one 
operating condition, f o r  other operating conditions the position 17as 
u r u i t a b l e  . 

'i?lc: subnergccl pier forced the flor.; tornarc! tile t r a i n i n g - P U S  and a 
,.l -,- ,, -, ,,, s y m t r i c n l  S~tcp formed in the still--basin, F i ~ r e  35. Homvcr, 

,. 
b.iC zv.in3crged pier r u ~ ~ e s t e c i  another ncthod of provicliq t l ~ c  saxe results- 
32% of p l a c i q  a c rmn on the b o t t m  of the  chute and. througl~out i ts  
Icnzth, Thc c r a m  consisted of an u p ~ a r d  s l o p ,  1/11 inch t o  1 foot, 
c.ficlidin,c; fro11 each t r a i n i z y - v m l l  t o  tllc centcrlinc of the chute, The  
cm:m was 2laccd only on the f l a t  portion or" tllc chute fro12 Station U+96,20 
t o  Station 17~3G.,97~ Section c-c, Fit;u--e 17. The crown was also desirable 
i n  t h a t  it rriLl nro~ride clrcainagc fo r  the chutc Curing periods 1*1cn the 
o l t i c t  1:rorks ~ 2 . s  not opcratinc, Like the mb~xerged pier, the crown s e m d  



provided a more even dis tr ibut ion of flow a t  the  d o ~ m t m ~  end of tlw 
cln~tc,  Iim~ever, fur ther  inprovornent of the sti l l ing-basin performance 
ras necessary Sef ore a sat isfactory structure could be :recomendcd. 

PrclirLnarj S t i i l i n p b a s i n  Studies 

Tests .r.rcse oade on eight cre1i-L designs of the stilling-basin, 
Figure 16, t o  investigate +,he e f f e c t  of various elevations of the  s t i l l i n g -  
basin f loor  and of the canal bottom, the deepness of the parabolic c u m  
connect i~g the bottan of the chute t.rit11 5lle st~ZJizng-basin floor,  t h e  
inclv.sion o r  miss ion  of a s t ep  o r  abrupt r i s e  i n  the downstream end of 
the s t i l l lhg-basin,  and the shape of t rans i t ion  between the rectangular 
basin m d  t he  trapezoidal c d .  

fl les t s  on Basins No, 2, 3, and 11, Figure 16, m r e  made t o  improve the 
operation of the preli.ainar>r s t i l l ing-basin before an adequate valve 
arrangme nt and chute entrance YE re oblczlned. 

The renaining designs, Basins No. 5,  6, 7, ancl 8, mre nade ~ ~ L t l l  the 
valve positions and the c h t e  as s h m  f o r  the recornended basin of 
Scliene B, F i a r c  16, which gave a sat isfactory florr distriibutlon f o r  a l l  
flows a t  t ke  end of the cf-ite. 

Pre l iminary  basin. The operation of the  stilling-pool i n  the pre- 
A l i d n a g  design vras, in  general, unsatisfactory. .The dis tr ibut ion of flow 
a t  the  end of the. chute ~ n s  poor f o r  all f lmrs,  Figure 33. lirhen one valve 
m s  discl-arcing 1,500 second-feet, the hydrauric j q  yras concentrated on 
one side of the sti l l ing-basin and the opposite side was occupied by a 
slow eddyo This condition resul ted i n  considerable turbxilence and excessive 
~ * , ~ v e s  i n  thc canal. rr'nen both v g v e s  rrere disclzarging, the sti l l ing-basin 
9rfonnance 7-72s imprmed, but the flmr concentrated i n  the center of the 
basin viith cmparatively q i e t  water along t'ne outer edges of the basin, 

Basins !io. 2, 3 ,  and 4, Bef ore n o w r q  the val-~e arrangement and -- 
the chute of the preliminary design, an e f f o r t  vms rnacie to inproTsc the 
sti l l ing-basin performance i n  sp i te  of the f a c t  t h a t  the f l m  distr ibut ion 
vrzs poor at the davnstream end of the c h t e .  

Tlle f loor of the s t i l l iq -bas in  ~ r a s  lowered 2 and f e e t  i n  Basins 
1To. 2 ~ . c i  3, respect-ively, and a s tep  ~ v a s  placed a t  the end of the basin, 
2 ' i ,  6 These c h a s e s  had no appi-eciable effect  i n  t h e  basin action, 
m r l  there PIE?S l i t t l e  irprovcnent in the excessive mves and turbulence i n  
ti;c canal. 

Sasin 120, 4 dif2ere6 fro2 the above designs in  that the b o t t m  of the 
c a n d  vias ra ised  3 f c e t  t o  elevation 52135 and the sti l l ing-basin f l o o r  t o  
5283 fee t ,  Figure 16, The ent i re  canalwas raised 3 f c e t  due t o  f i e l d  con- 
ziCcrations rather  than results of tire hydraulic &cclics. In ~ene:rdl,  the 
o ~ e r a t F o n  of Si:e s t i l l -he -bas in   as unsat-isfactory and worse than .the 
,~~.c.rio.xi tests. 





I straight-line t ransi t idn,  ';Tavcs i n  the canal were nvticoably rectuccd 
and the nor;  throu:;hout the t rans i t ion  Iqias comparatively uniform, 
rili;urrs 30c. 

Basin IJo. 8, I n  I3asin 170, 8 the 4-foot s tep  a t  the  ciovmstrem end 
02 -the still*-basin rras eliminated and the 3ottom of the t ransi t ion 
slo;xd from Urn basin f loor  t o  the bottom cf the  canal. lriith t h i s  change 
there ~ m s  7 ~ e r y  l i t t l e  difference Ln the he i f i t  of waves or i r i  the f low 
through .Ll?e transitior,  over Design No. 7, but there appemed t o  be l e s s  
s tab i l i t J r  i n  the 1q-draulic juvp. 

ilecomended Stillixq-basin 

I n  vies? of the above sti l l ing-basin t e s t s  it i s  recommended that  
Dasin No, 7, IrPi[pres 16 and 17, be accepted f o r  construction i n  the  f ie ld.  
ZbLs basin includcc the steeper parabolic curve, 
-- 2 . = - $jr a stop a t  th2 end of the st-g-basin and the reverse parabolic 

t r m s i t i o n  i'ron the basin t o  tile canal. 

Figure 36 con-bains photographs of the model of the rocomended 
ctnlcture vL%h no flmr a d  Figures 37 t o  46 are si-nilar views of the recom- 
rnnded d o s i p  f o r  discharges of 500, 1,000y and 1,500 second-feet through 
one md two valves a t  reservoir elevations of 5430 and 5340 fee t .  Figures 
1: t o  27 are canplete water surface profi les  fo r  the recomnended design 
:or t l ~ e  sme discllarges and operating conditions. 

I?o studies ?rere nade enploj5.n~ baff le  g icrs  since sat isfactory 
sti l l ing-basin perf omance was obtainecl i ~ i t h o u t  the i r  use. 

The various basin designs studied are sham i n  detail i n  Figure 16, 
an2 a tabulation of the results of tlie t e s t s  on the different designs is  
~ e s e n t c d  i n  Pablc 1. 

l i c i ~ h t  of rymve; i n  the canal. E'or the pur7ose of correlating tho 
1-cl.ntionsi~Lp between the 11eifllt oZ vraves i n  tke n d e l  with those of the 
protot:qe, :nodel Ynve hc ig l~ts  fo r  the recm~encled &sign vrei-e obtained fo r  
disci~mgcs af 1,539 l y C O O ,  ant! 500 cubic f ee t  pcr seconci thou* one a d  
t x o  valves a t  reservoir elevations of 5430 and 5340 fee t .  These r e su l t s  
are sholm i n  T&lc 2, The height of m e s  shovrn i n  the tabulation i s  the 
ca2fercnce i n  f e e t  between the clevztions of tile naxbnun cres t  and the 
~ i ~ i ! n u n  trough oZ the vraves ovcr a t h e  period of about 1 minute, The 
-;;me h c i ~ h t s  ivcre obt&ned i n  thc can&. near the vrater9s edge by mews 
of a point gage locatec a t  Station 17+50. 

Hvciraulic jum a t  the vdves .  Since the chute approach immediately 
A- 

uo-;mstrca f rm the valves i s  l o ~ m  i n  elevatior. than the naLn chute, a 
Iqdraulic , j u ~ p  f oms z t  the valves for the l o ~ i c r  r2nses of Zriscl?ar~er; and 
rn.;crvoir elevai;iozs, 2i:gu-e 1152.. lloclel t c s t s  fo r  a r a c e  rf d i s c l ~ z q c s  



were made t o  determine the reservoir  elevat,ions a t  which a jump forms 
at the valves and a t  which the jump sweeps out. Results  of these t e s t s  
f o r  t he  recommended design a r e  shown below: 

I 
I Too valves d i z h a r g i n g  One valve dischargirig 

Reservoir eleva- Reservoir eleva- Reservoir eleva- Reservoir eleva- 
t ions  vhen jump t i o n  when jump t i o n  when jump t i o n  when jump 

forms sweeps out forms sweeps ou t  
(Reservoir eleva- (Reservoir eleva- ( ~ e s e r v o i r  eleva- ( ~ e s e r v o i r  eleva- 

Q t i o n  f a l l i n z )  t i o n  r i s i n g )  t i on  f a l l i n g  ) t i o n  r i s i n g )  

1000 1 532h 1 5362 / No jump a t  535W 1 535m 

1500 1 l o  jm,, a t  5328'* I 53L3+%6 1 INO jump at 543~6 I 
I 

543@* 

++Lomest rese rvo i r  e levat ion which \?ill provide the given dischmge 
-?:ith the  valve ( s )  100 percent open. 

*Reservoir elevation required t o  sweep out  a jump vhich was forced 
t o  form a t  the  valves by temporarily placing an obst ruct ion i n  the  c h ~ t e .  

*%This elevatior. i s  h f e e t  above the  m a x i m u m  reservoir .  

To i l l u s t r a t e  the  use and significance of t he  above tabxe, two 
hypothetical  examples are  c i ted .  Assume t h a t  it. i s  required t o  re lease  
a constant discharge of  500 second-feet through t he  o u t l e t  works and the 
rese rvo i r  pool i s  a t  e levat ion 53L6 f e e t  o r  higher. The 500 second-feet 
can be released through one o r  two valves and no jump w i l l  form a t  t he  
valves. Now suppose the rese rvo i r  pool begins t o  f a l l .  I f  tvro valves are 
equally discharging t he  500 second-feet, a jump will form vvhen t h e  reser- 
vo i r  drops t o  53b4 fee t .  However, i f  t h e  500 second-feet i s  re leased 
through one valve, the  reszrvoir  must drop t o  elevation 5327 f e e t  before a 
jump w i l l  form. Novr assume t h a t  the  rese rvo i r  begins t o  r i s e .  The jump 
w i l l  remain i n ,  when one valve i s  discharging, u n t i l  reservoir  elevation 
53&6 f e e t  i s  reached; but, i f  trpio v d v e s  are being used, the reservoir  
must r i s e  t o  e levat ion 5434 ( o r  b f e e t  above ma-ximum pool)  before the  jump 
i s  swept oat. 

A s  another example, assume t h a t  it is  required t o  re lease  t he  m a x i m u m  
canal czpacity of 1,500 second-feet. The lowest rese rvo i r  elevation a t  
.v:hich 1,500 second-feet c z n  be released i s  S32C f e e t .  Both valves must 
bt: fully open a t  t h i s  head t o  provide t h e  required dischmge and no jump 
~sill form a t  the  valves. However, i f  an obst ruct ion i s  placed i n  the  





The location and extent of the splash .rms dotemined by p l a c i q  on 
edge a ?lprood sheet 8 f e e t  long and 3-1/2 f e e t  hi.gh over the r ight  
training2r'iLiLlO By use of reference l i n e s  painted on .the board indicating 
elevation and station, the location and. n z & .  heig l~t  of the .splclsh was 
measurc3. for -the various covers tested, Figures 117 and J48. 

flcsults of these tests indicated tha t  the greatest  splash occurred 
im,~e&iately dwmtream from the valves r~llen o f i j  o m  valve was operating, 
Figure !47, To eliminate nearly 331 the spL~sh, a hood, 68 f e e t  i n  length 
cmd extending from Station 13i-52 t o  s ta t ion  &+20 i s  required, F i ~ u r e  48, 
R e u d t s  of -tests using shorter covers i n  va r ims  locations are also shmm 
i n  Fi:pre 48- 

+It the s t i l l ing-basin thc greatest  splash occurred -~rit]:l one valve 
operating and &ended f r o 3  Station l7i-27 to  Station 17s8'7, A cover, 
60 f e e t  i n  length and e3ctencli.q doi-mstreaq from Station 17+27, i s  required 
'GO cli-te this splash, 

Certain l ia i ta t iono should be observed i n  applying the above d a k  t o  
predict the amount of splash which w i l l  occur in the prototype, VhiJ-c 
sp las l~   rill def in i te ly  occur i n  the p r o t o m e  at points indicatbd by %Pi 
~ o d e l ,  the splash nay cover a larger re la t ive  area in the  prototype and 
also may occur in places not indicated by thc . >dele The above data viere 
taken o ~ 1 y  t o  appraise the exrent of the splash a d  t o  obtain an es tkmte  
of -;hc length of cover required Lvo reduce it. 

Ilethod of prototype operation. It i s  recamended that,   hene ever 
possible, ;.rater be released f ron the reservoi r  through the out le t  works b.j 
e q u u j  opening both valves, Although the sti l l ing-basin perfomed 
sa t i s fac tor i ly  when one val-re tms discharging, the nodel c lear ly  indicated 

! that, fo r  any discharge, the water ma6 nore evenly distriSuted x r o s s  the 
i:",dth of the chute and a more stable and unFforn junp Corned in  the s t i u -  
basin vhen each valve was dischargin:: an cquzl anaunt of m t e r ,  Also, the 
height of waves i n  the canal, Table 2, Page l e y  and %he &?ount of splash, 
Fibwe 47, Tras na te r i a l ly  less.  Since %he croxn, discussed on P a g ~ s  10 
aqd U, was not constructed in the c h t e  of the y r o t o t y p  s t m t u r o ,  it 
is  more inportant t h  oyer t h a t  thc rocomended operating procedure be 
r ' o l l o ~ ~ d .  r 



Table 1 

INVEST1 GATION OF ST1 LLING-BASIN-*- SCHEbE B 

Equation Elevation Height TYPe 'Elevation 
0 f of 0 f 0 f of o a n ~ l  

Design curve f loor  s tep t rans i t ion  botf om Stilling-pool operation - 
X 
2 

Preliminary y = - 7~ 5282 None 30-foot 5282 Unsymmetrical jump m d  par t i a l ly  swept out. 
basin s t r  aight-line Excessive waves 3.n canal. 

Basin No; 2 
X 

2 5278 4 feet 30-f oot 5282 U n s y m m e t r i o a l j m p b u t w e l l u p o n c u r v e ,  
y = - -  

125 s t r  aight-line Excessive waves and turbulencee 
r 

Basin No. 3 

reverse and symmetry in jump. 



- 
lie s c m o i r  Vave heights= 
elevation Valve ( s ) in 

Discharge'.? i n  f e e t  operating feet-protot)nc 
~ - -- 

Right 1 1.10 
I 

Right and l e f t  0.62 

Right and l e f t  0.67 

Right 0.72 

Iiig11t and l e f t  / 0.60 

Right and lei% I 026 

Right , 0.31 

Right and ?.eft 0.312 

+EEischarge i n  cubic f e e t  per second--prototype. 

;+glLYaves rneafllred in canal  at  s t a t ion  l Y + ! h  -- 
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ui' - 
SECTION 8-8 

SECTION C-C 

- g ;  

SECTION D-D 
HORSETOOTH DAM 

O U T L F T  WORKS 

PRELIMINARY STILLING BASIN 
SCHEME A 



A. The model 

B. Two valves discharging 2500 
second-feet 

C. Both valves discharging 1500 
second-feet' 

HORsrnOTH DAM Ou! lTxr  WORKS 
Preliminary Stilling-basin 

1:24 Scale Model 
SCHEME A 



B .  Left valve discharging 1000 
second-feet 

HORS~OTH DAM OuTIEC WORKS 
Preliminary Stilling-basin 

1:24 Scale Model 
SCHEME A 

FIGURE 6 

A. left velvedischarging 1500 
second-feet . Jump sweep8 out 





FIGURE 8 

A, V d v e  horizontal B. Valve dopressed 26" below 
horizontal 

C .  V d v e  deprassuc? ' jO D. Vulve  doprosstxi 7i-0 

HORSE!!OTH DAM OUTLkT WORKS 
Stilling-basin Operation with VuLvos Depressed tit Var ious  Antjlvs 

Discharge = 1500 second-feet 1:24 Scale Model 
S m  A 





FIGURE 10 

The Model 

HOIZShTOOTH DAM OUTLET w o r n  
Recammended Still"-basin 

1:24 Scale MMel 
S m  A 



Tho Modol 

i 

HGRS ENOTH DAM OUTLhT WORKS 
Rttcomnded StilLing-baoln 

1:24 S c d o  Modol 
S C H W  A 



FIGURE LL 

A. Two valves operating B. Right valve operating 

Discharge=l5Ob second-f ect 

C. Two valves operating D. L e f t  vulvo operating 

.* Discharge = 1000 eecoud-feet 
HCRSLWOTH DAM OUTLET WORKS 
Recommeded Stilling-basin 

1: 24 Sca lo  Modol 
SCHH4.E A 



FIGURE 12 

A, Two valves opera t ing 

C. Two valves operating 

B. Left valvo opera t ing 

U i n g - b a s i n  
I second-feet 

D. L e f t  valvo operating 

.th lO-f@ot s t e p  i n s t a l l e d .  
10" second-feet 
OUTLrn woms 
.o Model 
: A 



FIGURE 13 

A: Two valves dischasglng B, Loft valve discharrglq 

Recommended stilling-basin with baffle piers removod 
Discharge = 1500 second-feet 

C .  Two valves discharging D, Left valvo discharging 

Recommended stilling-basln w l t l l  baffle piers s_nd surfacc 
baffle removod. Discharge = 1500 socond-feet 

H0RSE;TOQTH IlAM OllTLEF WORKS 
1:24 Sca le  Model 

SCHEME: A 













FIGURE 19 
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ST4TIOHS 
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B l b T I O N S  

E X P L A N A T I O N  

- A I E Q V  f. of  th t t  H O R S E T O O T H  D A M  
------ A l ~ l  left End uqht tfo~ntnp .sIII OUTLLT WORKS 

W A T E R  SURFACE P K 9 F I L E S  

D I S C H A R G E  -10f0 C f . ~  T H R O U G H  TWO V A L V E S  
Q E S E R V O I R  E L E V A T I O N  - 5 4 3 0  

1 2 4  S C b l C  "ODfL  

S C H E M E  B 







5 STATIONS 
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STATIONS 
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- Alonq t of cku't H O R S E T O O T H  D A M  
------ rt t q h t  ?reapanp ..,!I OUTLET WORKS 
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SCALE OF f C C T  I 2 4  SCALE YODEL 

S C H E M E  B 



FIGURE 
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A. Basin No. 6 with basin 
f l oo r  at n e v .  5281 ' . 

*. Basin No. 7 with basin 
f loor  at ELev. 5281 ' . 

IfoRSmom IlAM 
S t i l l ing-pooi  operation 

Discharge = i 5 O O  eecond- 
1:24 Scale 

s m  

B. Basin mo. 6 with baeitl 
f l o o r  a t  Elev. 5283 ' . 

D. Basin No, 7 with basin 
f l o o r  at mev. 5283 I. 

WORKS 
--Basin Nos. 6 and 7 
%et  through l e f t  valve 
Mo&el 
5 B 



C. Basin No. 6 with Basin f loor  
a t  mev. 5283 ' . 

BORShTO01TtT 
St i l l ing-pool  operation wit? 

Discharge = 1500 sec 
1: 24 

SCB 

A. Basin No. 7. (Stoep 
parabolic curve instal led) '  

DAM 
1 suk 
:on&- 
Scal 
[EME: 

B. Basin No. 6 (Mild parabolic 
' curve ins ta l l ed )  

D. Flow i n  chute 

nmLla WORKS 
ierged pier  ins ta l led  on chute 
'set through l e f t  valve 
: Mclel 
1 



A. The Model 

B. Valves and upper end 
of chute 

C . S tilling-hasin 

HORSETOOTEI DAM 0 b 1  WOFES 
Recammended Design 
l:24 Scale M o d . 0 1  

SCiUNE B 



A. Flow at valves 

B. Flow in chute--looking 
downstream 

C. Stilling-pool operation-- 
looking upstream 

H O R S r n T H  DAM o m  WORKS 
Both valves discharging l5OO second-feet--Ree. Elev. 5430 

Recommended ~eaign--l:24 Scale Model 
SC- B 



A. Flow at valve 

B. Flow in chute--looking 
downstream 

C. Stilling-pool operatf on-- 
looking upstream 

HORSETQOTE LW)( OUTLET WORKS 
Right valve diecharging l 5 O O  w - f e e t - - R e s o  Ebv. 5430'. 

Recommended Derrigr--1: 24 Scale Model 
S a m K  B 



FIGURE 39 

A. Flow at valves 

B . Flow*ln chute--looking 
downstream 

C. .Stilling-pool operation--. 
looking upstream 

BL)BrnOTH DAM OUTLET WORKS 
Both valves discharging 1500 second-feet--Res. ELev. 5310' 

Recozmended Deeign--l:2k.~cale Model 
SCBPIE B 



B. Flow in chute--looking 
downatream 

C. Stilling-pool operation-- 
looking upetreem 

HORSEFOOTE DAM GUTLEI'  W O m  
Both valves discharging 1000 second-feet--Ree. Elev. 5430' 

Rocammended Dseign--1:24 Scale Model 
SCHPIE B 





FIGURE 42 

-. 

A. Flow at valves 

B. Flow in chute--iooking 
downstream 

C. Stilling-pool operation-- 
looking upstream 

HaRsmmwO~MOIQg 
Both valves diechargins 1OOO .econd-feet--Rea, Elev. 534-0' 

R s c m n d e d  Design--l:24 Scale Model 
SCPIEPiE B 



A. Flow at valves 

B. Flow in  chute--looking 
downstream 

C. Still ing-pool operation--looking 
upstream 

H0RSEI'C)OTE DAM OUTLET WORE 
Both valves d ischaxgi~g 500 second-feet--&s. n e v .  5430' 

Recammended Design--l:24 Scale W e 1  
SCHEME B 



A. Flow at valve 

B. Flow In chute--1oakiq 
dovastream 

HORSEMOTE DAM OUTLET WORKS 
Right va l te  ~echarglng  500 second-feet--Res. Bev. 5430' 

Rec-nded Design--l:24 Scale Model 
SCHlME B 



FIGURE 45 

A. Flow at valves 

B. Flow in chute--looking 
downstream 

C. Stilling-pool opera%ion-- 
looking upstream 

HORSEPOO!FH DAM OUTLFT W O E  
Both valves discharging 300 second-f eet --Beso Xlev, 9340 ' 

Recommended ~esign--1~24 Scale Model 
S@HEME B 



FIGURE 46 

A. Flow at valve 

B. Flow in chute--looking C. Stilling-pool operation--looiring 
downstream upstream 

HORSETOOTH DAM O l J l W X '  WOFXS 
Right valve discharging 500 second-feet--ROB. Elev.5340' 

Recammended Deeign--1: 24 Scale Mudel 
SCaEME B 



A. Extent of splash below valves 
a f t e r  l e f t  valve d l  scharged 
1500 second-feet f o r  7.5 hours 
(prototype 1 

- ................. -- -. . . . .  

. . . . . . .  
...I. ':: 

- ... ............. 
......- - -  . . . .  

B. Extent of splash below valves a f t e r  
both velves discharged 1500 second- 
f ee t  fo r  7.5 hours (prototype). 

HORSIa,TA. ZH RAM 07JTLIX WORKS 
i. : 24 Gcals Model 

Be:- amended Design 
SCBME B 



A. 68-foot cover. Splash pa t t e rn  
after 5-hours (prototype) 
operat ion. 

B. 57-foot cover. Splash pa t t e rn  
&er 7& hours (prototype) 
operation. 

C. 35-f00% cover. Splash pa t t e rn  
a f t e r  5-home ( ~ r o t o t y p e  ) operat Ion. 

HORSmom RAM OUTLET worn 
R t e n t  of Splash using Various Lengtha of Covers 
Discharge = 1500 second-feet through l e f t  valve 

1:24 Scale  Model ... .. 
SCBBE B 


